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(54) X-ray windows. 

(57) An X-ray window comprising a membrane of 
diamond one surface of which has formed upon 
it an array of diamond ribs so as to provide an 
integral supporting structure. Methods of man- 
ufacturing also are described. 
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The present invention relates to X-ray windows 
and more specifically, to such windows made out of 
diamond. 

X-ray windows as their name implies are thin, that 
is to say less than 10 jam, more specifically less than 
1 jam, lamina which are transparent to X-rays and 
form part of X-ray apparatus. Often, as for example 
in connection with X-ray spectrometers, they need to 
be able to withstand pressure differentials of an at- 
mosphere or greater. A material which is particularly 
suitable for use as an X-ray window is diamond. How- 
ever, in thin lamina form it is weak mechanically and 
needs to be supported on a substrate. Existing prac- 
tice is to grow the diamond from the vapour phase 
upon a relatively thick silicon substrate. Unfortunate- 
ly, silicon is a relatively heavy absorber of X-rays so 
that diamond on silicon X-ray windows have low X-ray 
transmissions. 

It is an object of the present invention to provide 
an improved diamond X-ray window. 

According to the invention in one aspect there is 
provided an X-ray window comprising a membrane of 
diamond one surface of which has formed upon it an 
array of diamond ribs so as to provide an integral sup- 
porting structure. 

According to the invention in another aspect 
there is provided a method for the manufacture of an 
X-ray window comprising the operations of depositing 
a layer of diamond upon a substrate material, forming 
an array of ribs upon the exposed surface of the layer 
of diamond and removing the substrate material to 
provide a membrane of diamond having an array of in- 
tegral supporting ribs formed upon one surface there- 
of. 

The array of ribs may be formed by removing di- 
amond from selected areas of the exposed surface of 
the layer of diamond or by further depositing diamond 
upon selected areas of the exposed surface of the 
layer of diamond. 

Diamond may be removed from the selected 
areas of the exposed surface of the layer of diamond 
by a chemical etching process, ion beam thinning or 
by ablation. In the latter case, the ablation can be car- 
ried out by means of a laser which produces radiation 
having wavelengths in the regions of 190 to 250 nm, 
where diamond absorbs strongly. 

Preferably the substrate is made of silicon. 

It is to be understood that for the purposes of the 
present application, the word diamond includes the 
material known as diamond-like carbon which has 
many of the properties of diamond but does not have 
the regular crystalline structure of diamond. 

The invention will now be described, by way of ex- 
ample, with reference to the accompanying drawings 
in which 

Figure 1 shows a three-dimensional view of a 
portion of an X-ray window embodying the inven- 
tion, and 



Figure 2 is a flowsheet of a process for producing 
a diamond window embodying the invention, and 
Figure 3 is a flow sheet of a second process for 
producing a diamond window embodying the in- 
5 vention. 

Referring to Figure 1 of the drawings, an X-ray 
window embodying the invention consists of a circular 
membrane 1 made of diamond. The membrane 1 has 
a plane surface 2 and a second surface 3 in which is 
10 formed an array of hexagonal depressions 4. The 
lands between the depressions 4 form a series of ribs 
5 between the depressions 4. The result is to provide 
a relatively thin membrane which is integral with an 
array of supporting ribs. To facilitate the mounting of 
15 the X-ray window, an annulus 6 is left around the 
edges of the membrane 1. 

The depressions may have shapes other than 
hexagonal, for example, they may be square-shape. 
Referring to Figure 2, a process for producing an 
20 X-ray window such as that shown in Figure 1 includes 
the operations of 

1) forming an oxide layer on the rear surface of a 
silicon wafer such as those used in the production 
of microelectronic devices. 
25 2) Removing selectively the oxide layer from one 

plane surface of the wafer to form an annulus. 

3) Preparing the exposed silicon surface of the 
wafer to provide nucleation sites for the growth of 
a layer of diamond upon that surface. This may 

30 be done by mechanical or ultrasonic abrasion of 

the exposed surface of the wafer using < 1 jam di- 
amond grit. 

4) Cleaning the prepared surface of the silicon 
wafer using methods which are well-known in the 

35 semiconductor art. 

5) So placing the silicon wafer in a deposition 
chamber that the prepared surface will be ex- 
posed to the action of a gaseous reactive medium 
consisting of a mixture of hydrogen and methane. 

40 6) Evacuating the reaction chamber to a pressure 

of about 10- 6 torr, admitting a mixture of hydrogen 
and methane to the chamber, the methane con- 
centration being in the range 0.5 to 1.5% by vol- 
ume flow rate, establishing a plasma in the reac- 

45 tive medium by means of microwave radiation, a 

frequency of 2.45 GHz being satisfactory, main- 
taining a total gas pressure in the reaction cham- 
ber in the range 20 to 50 mbar, and allowing the 
reaction to proceed until a layer of diamond typ- 

50 ically 10 jam thick has been formed on the ex- 

posed surface of the silicon wafer. During the de- 
position process, the temperature of the wafer is 
kept at a constant temperature between 850 and 
900°C, although temperatures between 500 and 

55 950°C can be used. 

7) The wafer is removed from the reaction cham- 
ber, and using standard photolithographical tech- 
niques, an annulus of silicon oxide-nitride is pro- 
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duced around the edge of the silicon wafer. 

8) The wafer and diamond coating are clamped to 
a support and the surface of the diamond layer is 
exposed to laser radiation through a transfer 
mask having an array of holes corresponding to 
the array of depressions 4 to be formed in the di- 
amond membrane. The laser radiation has a fre- 
quency such as to be absorbed by the diamond, 
with a consequent graphitisation/ablation of the 
diamond. The etching of the diamond is contin- 
ued until the thickness of the layer of diamond is 
reduced to about 1 jam. ArF (193 jam) or KrF (248 
j^m) are suitable lasers for the etching process. 

9) The silicon wafer is then removed from the di- 
amond membrane by means of standard chemi- 
cal etching techniques. 

In an alternative process which is illustrated in 
Figure 3 but which is not described in detail, after an 
initial diamond deposition stage, which can be the 
same as stages 11 to 6 of the process described with 
reference to Figure 1 , a patterned mask of SiO x N y is 
deposited or formed on the exposed surface of the di- 
amond layer and the diamond layer is subjected to a 
further diamond deposition process to build up the ar- 
ray of supporting ribs 5. The mask is then removed by 
a chemical etching process. The final stage of the 
manufacturing process is as before. 
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5. A method according to Claim 4 wherein there is 
included the operations of interposing a protec- 
tive mask between the exposed surface (3) of the 
diamond layer (1) and a source of intense radia- 

5 tion, the mask being adapted to delineate those 

regions (4) of the diamond layer (1) from which 
material is to be removed, and subjecting the di- 
amond layer (1) to the said radiation until the 
thickness of the diamond layer (1) in the said re- 
10 gions (4) is reduced to a pre-determined value. 

6. A method according to Claim 5 wherein the in- 
tense radiation is laser radiation. 

15 7. A method according to Claim 6 wherein the laser 
radiation is produced by an argon fluoride or a 
krypton fluoride laser. 

8. A method according to Claim 4 wherein there is 
20 included the operations of forming by photolithog- 

raphy a protective mask on the exposed surface 
(3) of the diamond layer (1), the protective mask 
being adapted to delineate those regions (4) of 
the diamond layerfrom which material is to be re- 
25 moved and contacting the exposed regions (4) of 

the surface (3) of the diamond layer (1) with a 
chemical etchant until the exposed regions of the 
surface of the diamond layer have been reduced 
to a predetermined value. 

30 



Claims 

1. An X-ray window wherein there is provided a 
membrane (1) of diamond one surface (3) of 
which has formed upon it an array of diamond ribs 

(5) so as to provide an integral supporting struc- 35 
ture. 

2. An X-ray window according to Claim 1 wherein 
the thickness of the membrane (1) between the 
supporting ribs (5) is about 1 jam and the ribs (5) 40 
have a thickness of about 10 jxm. 

3. A method for the manufacture of an X-ray window 
wherein there is included the operations of de- 
positing a layer (1) of diamond upon a substrate 
material, forming an array of ribs (5) upon the ex- 
posed surface (3) of the layer (1) of diamond and 
removing the substrate material to provide a 
membrane (1) of diamond having an array of in- 
tegral supporting ribs (5) formed upon one sur- 
face (3) thereof. 

4. A method according to Claim 3 wherein there is 
included the operation of removing material from 
selected regions (4) of the exposed surface (3) of 
the layer (1 ) of diamond thereby to provide the ar- 
ray of ribs (5) providing the integral supporting 
structure. 



9. A method according to Claim 3 wherein there is 
included the operations of initially forming a layer 
(1) of diamond of uniform predetermined thick- 
ness over the surface of the substrate, forming a 
protective mask on the surface (3) of the initial 
layer (1) of diamond, the mask being adapted to 
delineate those regions of the diamond layer 
where the array of integral supporting ribs (5) are 
to be formed, continuing the deposition of the di- 
amond until supporting ribs (5) of a desired thick- 
ness have been formed on the diamond layer (1), 
and removing the protective mask. 



10. A method according to any preceding claim 
45 wherein the diamond is deposited by preparing a 

surface of the substrate to provide nucleation 
sites to facilitate the growth of diamond upon the 
said surface of the substrate, placing the sub- 
strate in a reaction chamber, evacuating the re- 
50 action chamber, admitting a mixture of hydrogen 

and methane to the reaction chamber, the me- 
thane concentration in the hydrogen being in the 
range 0.5 to 1.5 V / D by flow rate, establishing a 
plasma in the mixture of hydrogen and methane 
55 in the reaction chamber, maintaining a total gas 

pressure in the reaction chamber in the range of 
20 to 50 mbar, maintaining the temperature of the 
substrate at a constant temperature within the 



3 



EP 0 676 772 A1 



range 500 to 900°C and terminating the reaction 
when a pre-determined thickness of diamond has 
been deposited. 
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